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The analytical treatment of the nonperturbative QCD dynamics is one of main open questions of 
the strong interactions. Currently, it is only possible to get some qualitative information about this 
regime considering other QCD-like theories, as for example the iV = 4 super Yang-Mills (SYM), 
where one can perform calculations in the nonperturbative limit of large 't Hooft coupling using 
5— l , the Anti-de Sitter space/Conformal field theory (AdS/CFT). Recently, the high energy scattering 

amplitude was calculated in the AdS/CFT approach, applied to deep inelastic scattering (DIS) and 
confronted with the F2 HERA data. In this work we extend the nonperturbative AdS/CFT inspired 
model for diffractive processes and compare its predictions with a perturbative approach based on 
the Balitsky - Kovchegov (BK) equation. We demonstrate that the AdS / CFT inspired model is not 
able to describe the current F® HERA data and predicts a similar behavior to that from BK 
equation in the range 10 -7 < xp < 10 -4 . At smaller values of xjp the diffractive structure function 
is predicted to be energy independent. 
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INTRODUCTION 



The physics of high density QCD has become an increasingly active subject of research, both from experimental and 
theoretical points of view (For recent reviews see In deep inelastic scattering (DIS) the high parton density regime 
corresponds to the small x region and represents the challenge of studying the interface between the perturbative and 
nonperturbative QCD, with the peculiar feature that this transition is taken in a kinematical region where the strong 
coupling constant a s is small. By the domain of perturbative QCD we mean the region where the parton picture has 
been developed and the separation between the short and long distance contributions (the collinear factorization) is 
k^j ' made possible by the use of the operator product expansion (OPE). The Dokshitzer-Gribov-Lipatov-Altarelli-Parisi 
r> ! (DGLAP) equations @, which resums terms of the type a™ In™ Q 2 , are the evolution equations in this kinematical 
region. These equations are valid at leading twist, i.e. at a large value of the photon virtuality Q 2 , where a subclass 
of all possible Feynmann graphs are dominant and the hard coefficient function is connected to the proton by only 
two parton lines (For more details see e.g. Ref. Q). For small values of Q 2 , this picture has corrections predicted 
by the OPE that contribute at relative order 0(1/Q 2 ) and beyond [0(-^) n , n = 2, 3, ...]. These are commonly called 
higher twist corrections. 

In the limit of small values of x, terms of the type a™ In™ 1/x become relevant and the DGLAP equation is not 
expected to be valid. In this kinematical region one expects to see new features inside the proton: the density of gluons 
and quarks becomes very high and an associated new dynamical effect is expected to stop the further growth of the 
structure functions. In particular, for a fixed hard scale Q 2 Aq CD , the OPE eventually breaks down at sufficiently 
small x [4]. Ultimately, the physics in the region of high parton densities will be described by nonperturbative methods, 
but this is still waiting for a satisfactory solution in QCD. However, the transition from the moderate x region towards 
the small x limit may possibly be accessible in perturbation theory, and, hence, allows us to test the ideas about the 
onset of nonperturbative dynamics. Currently, this transition is quite well described by the Color Glass Condensate 
(CGC) formalism, whose central result is the Jalilian-Marian-Iancu-McLerran-Weigert-Leonidov-Kovner (JIMWLK) 
equation [5H12||. When applied to the scattering between a simple projectile and a CGC, one obtains an infinite 
hierarchy of coupled equations for the correlators of Wilson lines, the Balitsky-JIMWLK (B- JIMWLK) hierarchy 
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In the mean field approximation, this hierarchy reduces to a single closed nonlinear equation, the Balitsky- 
Kovchegov (BK) equation [l3|, [TH, HH, which describes the evolution with energy of the dipole-hadron scattering 
amplitude in the large N c limit (iV c is the number of colors). The CGC physics is characterized by a saturation scale 
Q s which is related to the critical transverse size for the unitarization of the scattering amplitudes and is predicted by 
the BK equation to be an increasing function of the energy and atomic number dependent [Q 2 — Q 2 (^r) A A a with A 
and a > 0]. Currently, the analysis of HERA and RHIC data using phenomenological models based on CGC physics 
implies that Q s w 1 — 3 GeV for proton and nuclei As this scale is not very large at these machines, contributions 
from nonperturbative dynamics cannot be completely disregarded before estimating its magnitude. 

The analytical treatment of the nonperturbative QCD dynamics is one of main open questions of the strong 
interactions. Currently, it is only possible to get some qualitative information about this regime considering other 
QCD-like theories, which are accessible at strong coupling and share some of the basic features of QCD at high energy. 
One such theory is the N = 4 super Yang-Mills (SYM) where one can perform calculations in the nonperturbative 
limit of large 't Hooft coupling using the Anti-de Sitter space/ Conformal field theory (AdS/CFT) correspondence 
[201422T ] (For a recent review see 23]). However, it should be emphasized that QCD is a confining theory with a 
dynamically generated scale A « 200 MeV, whereas N — 4 SYM is a conformal theory with no scales and thus does 
not have confinement. Moreover, in N = 4 SYM there is no mass gap in the asymptotic particle spectrum, which 
implies that the Froissart bound is not expected to be valid. A correspondence closer to QCD can be obtained if 
the conformal invariance of the theory is broken. The simplest way to break conformal invariance is by introducing 
a hard cut-off in AdS space which can be interpreted as an infrared scale of the gauge theory. Another possibility 
is to break conformal invariance softly through a background dilaton field. These approaches have been used in 
last years by several authors in order to study the DIS and calculate the high energy scattering amplitudes in the 
AdS/CFT formalism [24Tj32| . In general, these authors treat the DIS off a Shockwave considering the interaction 



of a virtual photon with the target. In contrast, in [33j, DIS with a nucleus target was considered in the framework 
of the Shockwave approximation with the Wilson loop immersed into a gauge field background calculated following 
the proposal by Janik and Peschanski (34|. These authors have considered that the projectile is a color dipole, as 
represented by a Nambu-Goto string. This model was confronted with the available HERA data in Ref. 35]. The 
basic idea was to construct a dipole-target cross section inspired in the AdS/CFT approach valid at small values of 
the photon virtuality Q 2 , which can be viewed as complementary to the perturbative descriptions based on CGC 
physics. A surprising prediction of this AdS/CFT inspired model is the x independence of the F2 structure function 
at very small x and Q 2 in a region where there is no experimental data yet, which is directly associated to the behavior 
of the saturation scale at high energies. This result can be contrasted with the prediction of the high density QCD 
approaches, where F2 oc ln(l/x) in the asymptotic regime [36]. Although the relevance of the AdS/CFT results for 
our real QCD world is far from being clear, the fact that this model is able to describe the F2 HERA data in the 
kinematical region of x < 6 x 10~ 5 and Q 2 < 2.5 GeV 2 [35| motivates one to check what are the predictions of this 
model for other observables. In particular, it is very important to determine the signatures of the AdS/CFT inspired 
model in order to discriminate unambiguously from other approaches, as for example the CGC formalism. 

Recently, the running coupling corrections to BK equation were calculated through the ressumation of a s Nf contri- 
butions (Nf being the number of flavors) to all orders, allowing the estimation of the soft gluon emission and running 
coupling corrections to the evolution kernel [37l - [40l | . The solution of this improved BK equation was studied in detail 
in Refs. [H, Hl|. More recently, a global analysis of the small x (x < 10~ 2 ) data for the proton structure function in 
the kinematical range 0.045 GeV 2 < Q 2 < 800 GeV 2 using the improved BK equation was performed [42j (See also 
Ref. [HI). In contrast to the BK equation at leading order (LO), which fails to describe data, the inclusion of running 
coupling effects to evolution renders BK equation compatible with them. In particular, the F2 data in the region of 
very small Q 2 is also quite well described by the improved BK equation. It implies that the current F2 data at low 
Q 2 and x is not able to discriminate between the nonperturbative AdS/CFT inspired model and the perturbative CGC 
physics. 

In this paper we analyse the predictions of the AdS/CFT inspired model for diffractive processes and compare 
its results with those from the running coupling Balitsky-Kovchegov (RC BK) solution obtained in Ref. [42]. Our 
main motivation comes from the fact that in diffractive deep inelastic scattering (DDIS), mainly on F^ , the interplay 
between hard and soft regimes is more explicit [3 [45[ . Basically, the partonic fluctuations of the virtual photon can 
lead to configurations of different sizes when analysed in the proton rest frame. The study of the diffractive dissociation 
of protons has shown that for real photons (Q 2 ss 0), where the transverse size of the incoming pair is approximately 
that of a hadron, the energy dependence is compatible with the expectations based on the soft Pomeron exchange. 
On the other hand, at large Q 2 the energy dependence is higher than that of the soft Pomeron, suggesting that 
pQCD effects may become visible for small incoming quark- antiquark pairs. Therefore, as the F® structure function 
is inclusive to the hard and soft contributions to the dynamics, its study can be useful to discriminate between the 
RC BK and AdS/CFT predictions. 

This paper is organized as follows. In Section II we present the dipole formalism, which describes the inclusive and 
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diffractive deep inelastic scattering in a common approach. Within this formalism, we present the parameterization 
for the scattering amplitude inspired in the AdS / CFT correspondence proposed in [33| , which has been recently used 
to describe the HERA data for the F 2 proton structure function (35[. Moreover, we analyze the r and x - dependence 
of the scattering amplitude predicted by the AdS / CFT inpired model and compare it with the RC BK solution. In 
Section III we analyze the predictions of these models for the inclusive and diffractive overlap functions and calculate 
the diffractive structure function for small Q 2 . For completeness, the F2 structure function is also calculated for similar 
values of Q 2 . Finally, we calculate the ratio between the diffractive and inclusive total cross sections, R a = a® ot /otot, 
and study its energy dependence considering the AdS / CFT inspired model and the RC BK solution. The conclusions 
are presented in Section IV. 



II. DIPOLE FORMALISM 



In the study of the observables of lepton-hadron deep inelastic scattering (DIS) at small x, it is convenient to 
see the scattering between the virtual photon (which is exchanged in the lepton-hadron interaction) and the hadron 
in the dipole frame: in this frame, most of the total energy is carried by the hadron, but the virtual photon has 
enough energy to dissociate into a quark-antiquark (qq) pair, a dipole, before the scattering. In such special frame, 
the QCD description of DIS at small x can be interpreted as a two-step process [46| : the virtual photon 7* splits 
into the qq dipole, with transverse separation r, which subsequently interacts with the hadron h. In terms of cross 
sections for the transversely (T) and longitudinally (L) polarized photons, the F% structure function is given by 

F2(x,Q 2 ) = 7— J — c tot , where a em is the electromagnetic coupling constant and a tot is the total (inclusive) j*h 



cross section expressed by 



Otot 



£ / d 2 r<fe|* i (r,z,Q 2 )| s 



crdip(x, r). 



(1) 



i=T,L 



The functions ^t,l are the light-cone wave functions of the virtual photon, z is the photon momentum fraction carried 
by the quark (for details see e.g. Ref. j47|) and a dip is the dipole-hadron cross section. 

Diffractive processes in deep- inelastic scattering (DDIS) are characterized by the presence of large rapidity gaps in 
the hadronic final state and are associated to a Pomeron exchange. Within the framework of the perturbative QCD 
(pQCD), the Pomeron is associated with the resummation of leading logarithms in s (center of mass energy squared) 
and at lowest order is described by the two-gluon exchange. These processes are of particular interest, because the 
hard photon in the initial state gives rise to the hope that, at least in part, the scattering amplitude can be calculated 
in pQCD. In the dipole approach the total diffractive cross sections take the following form (See e.g. Refs. [H|-[48j]), 
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where 
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and it is assumed a factorizable dependence on momentum transfer t, on which the dependence is given through 
an exponential with diffractive slope Bo- The diffractive processes can be analyzed in more detail by studying the 
behavior of the diffractive structure function F 2 D ^ (Q 2 , /3, xp). Following Ref. [49| we assume that the diffractive 
structure function is given by 



F, 



D(3), 



(Q 2 , P, xp) - F^ L + F^ T + F® g T , 



(4) 



where the qqg contribution with longitudinal polarization is not present because it has no leading logarithm in Q 2 . 
The different contributions can be calculated and for the qq contributions they read (4|| |4j| [Hoj 



xpF^ L (Q 2 ,P,x P ) 



3Q 6 



£42 



1/2 



daa 3 (l - a) 3 $o, 



(5) 



xpF q l T (Q 2 ,f3, xp) = U8 ^ Bd £ e 2 2 ^ daa(l - a) {e 2 [a 2 + (1 - a) 2 }^ + m 2 <P } 



(6) 



4 




1 _ A-^.---Jr*°-j-r?:r- . .|- ■ ■ « ■ - f ■ ■ * — r 



0.4 - j 




FIG. 1: Dependence of the dipole scattering amplitude in the pair separation r at different values of x (x — 10 "). 



where the lower limit of the integral over a is given by ao = \ 
quark flavors and [5l| 



4mj 



the sum is performed over the 



$0,1 = 
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The qqg contribution, within the dipole picture at leading In Q 2 accuracy, is given by [49l . l5fj| . |52| . \5c 
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u 2 J 2 (u) 



As pointed in Ref. [54j |. at small (3 and low Q 2 , the leading ln(l//3) terms should be resumed and the above expression 
should be modified. However, as a description with the same quality using the Eq. ((S]) is possible by adjusting the 
coupling [54| . in what follows we will use this expression for our phenomenological studies. We use the standard 
notation for the variables = Q 2 /{M 2 X + Q 2 ), x P = {M 2 X + Q 2 )/(W 2 + Q 2 ) and x = Q 2 /(W 2 + Q 2 ) = (3x P , where 
Mx is the invariant mass of the diffractive system, Bjj is the diffractive slope and W the total energy of the j*p 
system. 

The main input for the calculations of inclusive and diffractive obscrvablcs in the dipole picture is <Jdi P (x,r) which 
is determined by the QCD dynamics at small x. In the eikonal approximation, it is given by: 



O dip 



(x,r) = 2 J d 2 bM{x,r,b) 



(9) 



where J\f(x, r,b) is the forward scattering amplitude for a dipole with size r = \r\ and impact parameter b which can 
be related to expectation value of a Wilson loop [lj. It encodes all the information about the hadronic scattering, 
and thus about the non-linear and quantum effects in the hadron wave function. In general, it is assumed that the 
impact parameter dependence of AT can be factorized as Af(x, r, b) = Af(x, r)S(b), where S(b) is the profile function 
in impact parameter space, which implies (JdipixjJ') = <JoN{x,r). The forward scattering amplitude Af(x,r) can be 
obtained by solving the BK evolution equation 14211 or considering phenomenological QCD inspired models to describe 
the interaction of the dipole with the target [35l l48l l49l l54l - [69f . BK equation is the simplest nonlinear evolution 
equation for the dipole-hadron scattering amplitude, being actually a mean field version of the first equation of the 
B-JIMWLK hierarchy [HG3. 

In its linear version, it corresponds to the Balitsky-Fadin-Kuraev-Lipatov (BFKL) 
equation [70l |. The LO BK equation presents some difficulties when applied to study DIS small-x data, in particular, 
some studies concerning this equation [7lTj75j have shown that the resulting saturation scale grows much faster with 
increasing energy (Q 2 ~ x~ x , with A ps 0.5) than that extracted from phenomenology (A ~ 0.2 — 0.3). This difficult 



could be solved by considering higher order corrections to LO BK equation, which were recently calculated [37H4C 
and have shown to successfully describe small- a; [x < 10~ 2 ) data for the proton structure function [12] . In what 
follows we will use in our RC BK calculations the public- use code available in (76|. 
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FIG. 2: Energy dependence of the scattering amplitude as a function of x at different values of Q 2 (r 2 = 1/Q 2 ). 



An alternative approach is to calculate the scattering am plit ude at high energy for a strongly coupled N — 4 super 
Yang-Mills theory using the AdS/CFT correspondence. In [33| the authors have modelled the nucleus by a metric of 
a shock wave in AdSs and calculated the total cross section or DIS on a large nucleus. The expectation value of the 
Wilson loop, which is directly related to J\f, was calculated by finding the extrema of the Nambu-Goto action for an 
open string attached to the quark and antiquark lines of the loop in the background of an AdSs shock wave. The 
resulting scattering amplitude can be expressed in terms of a AdS/CFT saturation scale, which is energy independent 
at very small x and depends very strongly on the atomic number of the nucleus (oc A 1 / 3 ). In }35j | it was used to 
describe the HERA data for F2 proton structure function in the small (x,Q 2 ) range and a parametrization for the 
dipole-proton scattering amplitude was provided. In this AdS/CFT inspired model the scattering amplitude is given 
by [H 



Af(r, x) = 1 — exp 
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In the above equations, A^o = &o c O) where bo relates the virtuality of the photon to the dipole size, bo = rQ, and 
c = r 2 (i)/(27r) 3 / 2 sa 0.83; this is the value predicted by AdS/CFT calculations, however, from the fit to HERA 
data it assumes a value about 2 orders of magnitude smaller, which may be explained by the fact that N = 4 SYM 
theory and QCD are diferent from each other (see the discussion in Section IV of Ref . |35| ) . Ao = %/ AymA, where 
Aym = Sym^Vc denotes the 't Hooft coupling with (?ym the Yang-Mills coupling constant, and A is chosen to be A = 1 
GeV. The resulting saturation scale has the following form: 
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FIG. 3: Pair separation dependence of the function Wi nc (r,x,Q 2 ) for distinct values of x (x = 10"") and Q 2 = 1 GeV 2 . 

It has its values in the interval 1 -=-3 GeV in the range 6.2 x 10~ 7 <x<6x 10~ 5 and has a particular property: for 
extremely small values of x, the saturation scale saturates, which is in sharp contrast with its usual form in QCD, 
where it grows with decreasing x. This behavior implies that the DIS cross sections will present a slow growth with 
the energy, similar to that predicted by soft pomeron models [33j. In what follows we use vtit = 140 MeV for the 
(light) quark masses and the other parameters are chosen based on the analysis done in [35] ]: in particular, the value 
of the t'Hooft coupling constant is chosen to be Aym = 20: this choice is consistent with the fact that AdS/CFT 
correspondence is valid for Aym 3> 1 and motivated mainly because, besides the resulting good x 2 , the results of fit 
to HERA data change only a little bit for a wide range Aym > 20. This gives A4o — 6.54 x 10~ 3 and ctq = 22.47 mb. 

In Fig. Q]we show the pair separation dependence of the scattering amplitude Af for different values of x considering 
the AdS/CFT inspired model and the RC BK solution (For a related discussion see Refs. [z3; tz3)- Although the 
AdS/CFT model is constructed in order to describe small x (< 10 -4 ) we also present its predictions at larger x in 
order to compare with the RC BK solution. The first aspect that can be observed is the large difference between 
the predictions at x > 10 -4 . While the RC BK solution predicts that the scattering amplitude saturates at large x, 
the AdS/CFT model still predicts a growth in the r-range considered. In the range 10~ 6 < x < 10~ 4 the behavior 
predicted by the two models for Af is similar, which is expected since it is the range of the HERA data used to 
constrain the main parameters of the AdS/CFT model. In this region both models predict that Af saturates at 
large pair separation. At smaller values of x, the two models predict different behaviors. While the scattering 
amplitude in the AdS/CFT model is almost x independent, the RC BK solution is significantly modified when x 
goes to smaller values. In particular, at x < 10~ 8 the scattering amplitude in the AdS/CFT inspired model becomes 
energy independent. It can be observed in more detail in Fig. [5J where we analyze the x dependence of the scattering 
amplitude for different values of Q 2 , i.e. different values of the squared pair separation if we assume r 2 = 1/Q 2 . As 
expected from Fig. [TJ the two predictions are very distinct at large x (> 10 -4 ) and large pair separations (Q 2 = 0.5 
and 1 GeV 2 ), being smaller for larger values of Q 2 . In contrast to the RC BK solution, which predicts that Af grows 
at small x and large Q 2 , the AdS/CFT model predicts that Af saturates at x < 10 -6 independently of the pair 
separation. As in the dipole approach the observables arc determined by the scattering amplitude, we can expect that 
these differences between the models also be observed in the inclusive and diffractivc structure functions. 



III. RESULTS 

In DIS the partonic fluctuations of the virtual photon can lead to configurations of different sizes when analysed 
in the dipole frame. The size of the configuration will depend on the relative transverse momentum kx of the qq 
pair. The small size configurations are calculated using perturbative QCD and at small Bjorken scaling variable x 
the smallness of the cross section (color transparency) is compensated by the large gluon distribution. For large size 
configurations one expects to be in the regime of soft interactions. In the inclusive measurement of final states one 
sums over both small-distance and large-distance configurations. The contribution of small and large pair separations 
for inclusive and diffractive observables can be studied considering the corresponding overlap functions which are 
given by: 



W Inc {r,x,Q 2 ) = 2nr ^ / dz \%(z, r, Q 2 )\ 2 a dlp {x, r) , 

i=T,L J 



(13) 
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FIG. 4: Pair separation dependence of the function WDiff(r,x,Q 2 ) for distinct values of x (x = 10 n ) and Q 2 = 1 GeV 2 . 



and 




It is important to emphasize that the behavior of the overlap functions are strongly dependent on the scattering 
amplitude. In particular, as shown in (48|, if one considers a model where ./V oc r 2 (linear dynamics) the diffractive 
overlap function is dominated by large pair separations and consequently the diffractive cross sections are determined 
by nonpcrturbative physics. Moreover, it is the energy dependence of the scattering amplitudes which determine the 
x dependence of the overlap functions. 

In Fig. [3]we present our results for the inclusive overlap function considering the AdS/CFT inspired model and 
the RC BK solution at different values of x (x = 10"" with n = 3, 4, 5, 8, 10) and Q 2 = 1 GeV 2 . We have that 
both models predict a similar behavior for the large r region, which implies that the main contribution for inclusive 
observables comes from small pair separations. As r — > the RC BK solution predicts that Wj nc goes to zero, which 
is directly associated to the BFKL behavior present in the BK equation at very small r. In contrast, the AdS/CFT 
inspired model predicts that in this limit Wi nc goes to a constant value, which is energy- dependent. Another aspect 
which should be emphasized is that the inclusive overlap becomes energy independent at x < 10~ 8 for the AdS/CFT 
model, in agremment with the behavior of the corresponding scattering amplitude. In contrast, RC BK solution 
implies that Wi nc is energy dependent. These behaviors have direct impact in the predictions for the F2 structure 
function, as will be verified below. Finally, the peak of the inclusive overlap function occurs at smaller values of r 
with the decreasing of x. 

As discussed in the Introduction, the main theoretical interest in diffraction is centered around the interplay 
between the soft and hard physics. The ability to clearly separate the regimes dominated by soft and hard processes 
is essential in exploring QCD at both quantitative and qualitative levels. Moreover, as the diffractive observables 
(cry L for example) are proportional to <J 2 ip , these are more sensitive to the large pair separation contributions [49| . 
These features of the diffractive processes make DDIS an ideal scenario to check the AdS/CFT inspired dipole model, 
since this is a nonperturbative inspired model of saturation. In Fig. 3]we present our results for the diffractive overlap 
function considering the AdS/CFT inspired model and the RC BK solution at different values of x (x — 1CP™ with n = 
3, 4, 5, 8, 10) and Q 2 = 1 GeV 2 . We can see that both models predict that the large pair separations do not contribute 
significantly for the diffractive overlap function. Moreover, Wniff(r,x,Q 2 ) goes to zero at r — > for both models. 
The peak of the distribution occurs at smaller values of r with the decreasing x. In comparison with the inclusive 
case, it peaks at larger values of r, which implies that the main contribution for diffractive observables comes from a 
different range of values of pair separation and consequently probe distinct aspects of the QCD dynamics present in 
the scattering amplitude. The small x effects in the scattering amplitude predicted by the AdS/CFT inspired model 
and the RC BK solution drive the energy behavior of the diffractive overlap function. In Fig. [5] the ^-dependence of 
the Af(x, r) shows that for x < 10~ 6 the AdS/CFT predicts a saturation of the amplitude, while the RC BK predicts 
a saturation only for x < 10~ 10 . This is one of the reasons for the distinct normalization of the overlap function. 
The saturation of the AdS/CFT dipole model for small x is more evident if one compares the overlap function for 
x = 10~ 8 and x = 10~ 10 , since the curves are identical. The AdS/CFT dipole amplitude presents smaller values when 
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FIG. 5: The F2 structure function for two distinct values of Q 2 



compared to the RC BK model in the region £>10~ 4 and x<10 -6 . This explains the different normalizations of the 
overlap functions in the Fig. [4] 

Having addressed the main features of the overlap functions, we continue by studying the inclusive and diffractive 
proton structure functions. We focus our analysis in the small (x, Q 2 ) kinematical range probed by HERA and which 
could be tested in future ep colliders at the TeV energy scale, as for example the LHeC project (For a recent discussion 
see (zl]). In Fig. [5] we show the F2 proton structure function as a function of x for two different small values of 
the photon virtuality, Q 2 = 0.5 and 1 GeV 2 , using the AdS/CFT inspired model (dashed line) and, for the sake 
of comparison, the RC BK solution (solid line). One can clearly see that both analyses match only in a restrict 
region, for values of x between ~ 10 -4 and ~ 10~ 7 ; such an interval corresponds to the HERA kinematical regime 
investigated in Ref. [35]. For values of x larger than 10 -4 and, specially, smaller than ~ 10~ 7 (for which there are 
no available experimental data) the behaviors of the curves become distinct. This distinct behavior of F 2 (x,Q 2 ) is 
related to the x dependence of the scattering amplitude in the AdS/CFT and RC BK models, analysed in the Fig. 
[2j In particular, we have that the AdS/CFT inspired model predicts the saturation of the F2 structure function at 
< 10~ 6 . At x = 10~ 8 the predictions differ by a factor 1.4. 

Let us now discuss the predictions of the AdS/CFT inspired model for the diffractive structure function. As 
explained before the main theoretical interest in diffraction is centered around the interplay between the soft and 
hard physics. In particular, in the inclusive measurement of diffractive final states, where the diffractive structure 
function is derived, one sums over both small-distance and large-distance configurations. As in the diffractive cross 
section we integrate over both perturbative and nonperturbative regions of the phase space, there is a competition 
between these two pieces. Therefore, in principle, this observable is ideal to test the nonperturbative physics present 
in the AdS/CFT inspired model. Before the comparison of the predictions with the HERA data a comment is in 
order. The diffractive structure function has been measured by the HI and ZEUS Collaborations in ep collisions at 
HERA in a large kinematical (Q 2 ,x) range. However, as the model proposed in [35| is only valid at small Q 2 we will 
select the HERA data in this range. This limits our comparison to the ZEUS data at Q 2 — 2.7 GeV 2 [80j, which is 
similar to the upper limit considered in [35] . In Fig. [6] we compare the predictions of the AdS / CFT inspired model 
with the F^ 3 ^ ZEUS data for different values of /3. For comparison, we also present the RC BK prediction, which 
was recently analyzed in detail in the Ref. [78| and a good description of the data in a large Q 2 range was found. 
The additional parameters in our calculations using the AdS/CFT inspired model are the strong coupling constant, 
which determines the normalization of the qqg contribution, and the diffractive slope Bp,. Following Ref. [78| we 
assume a s — 0.15 and constrain the diffractive slope Bp, by the value of <7q through = AirBp, assuming a Gaussian 
form factor for the proton [54]. As already demonstrated in [78[ the RC BK solution describes reasonably well the 
data. In contrast, the AdS/CFT inspired predictions underestimate the ZEUS data, which is in the kinematical range 
xjp > 10~ 4 . For 10 _7 <x/p<10 _4 is hard to distinguish between the parametrizations. However, for xjp<10 -7 and 
all /3 the AdS/CFT inspired model predict that the diffractive structure function saturates, while the RC BK solution 
predicts a steep growth at small xjp . This behavior is directly related to the energy behavior of the dipole scattering 
amplitude shown in Figs. [T]and[5] At xip = 10~ 8 the predictions differ by a factor 1.5. 

D 

Finally, in Fig. [7] we present the energy dependence of the ratio R a = jr 21 , which has been considered an important 
signature of the saturation physics [49, 81]. In the range 10~ 7 < x<10 -4 both models predict a similar behavior. At 
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xip <10 -7 the models predicts distincts behaviours, being R a energy independent for a;<10 -7 from the AdS/CFT 
model. This behavior is directly associated to the x dependence of the dipole amplitude, predicted by the models 
(see Fig. [5]). Therefore, only at x< 10 -7 one expects to find some distinction between the parametrizations for this 
observable, which means that only at very small x we expect some difference between perturbative and strong coupling 
models. 



IV. CONCLUSIONS 



Disentangle the hard and soft dynamics in diffractive DIS is one of the main open questions of the strong interactions. 
Although Regge theory is able to reproduce the experimental data for hadronic collisions, the understanding of this 
theory in terms of QCD is still lacking, which is directly associated to the fact that strong coupling analytical 
calculations are not possible in QCD. It is expected that considering the high energy scattering amplitude in N = 4 
SYM theory using the AdS / CFT correspondence one can guess which physics phenomena could be important in the 
strong coupling limit of QCD. In this paper we have investigated inclusive and diffractive lepton-hadron DIS, within 
the dipole formalism, through a parametrization for the dipole-hadron scattering amplitude presented recently in 
[33j . inspired on the AdS/CFT correspondence, proposed to describe the evolution and scattering at small values 
of x and Q 2 , i.e., proposed to describe a nonperturbative domain, characterized by large values of the coupling 
constant. We have compared the results with a perturbative QCD-based framework where the scattering amplitude 
is the solution of the nonlinear BK evolution equation with running coupling effects 42] . Both analyses are similar 
only in a restrict kinematical range (10 _7 < x <10 -4 ), and become quite different when x goes towards large (where 
the AdS/CFT dipole model is not valid) and extremely small values, which are not experimentaly available yet. In 

particular, the diffractive structure function F^ 3 \ which has been shown to be well described by the solution of 
the running coupling BK equation [7§ |. is underestimated by the analysis using the AdS/CFT dipole model in the 
restricted range of available experimental data. Our results indicate that the strict AdS/CFT approach behind 
the dipole model proposed in |33j |. could not be the right approach for the treatment of diffractive deep inelastic 
scattering in the HERA kinematical range. Moreover, discriminating between the perturbative RC BK approach and 
the nonperturbative AdS/CFT inspired approach in the kinematical range of the future ep colliders [79j j will be a hard 
task. 

The noticeable difference between RC BK and AdS/CFT analyses at extremely small values of x is due to the 
asymptotic prediction of the latter, i.e., the saturation scale saturates in the x — >■ limit, and it is a characteristic of 
the particular AdS/CFT model derived in [33j. It must be pointed out, that, besides surprising, this behavior of Q s 
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is also controversial, as it was argued in |31|. In particular, it is in sharp contradiction with all other calculations of 
the scattering amplitudes in the context of the AdS/CFT correspondence, whose predictions give Q 2 S ~ 1/x, i.e., the 
saturation scale grows much faster than the corresponding scale in perturbative QCD. An energy-dependent saturation 
scale appears to be consistent with the high energy dynamics at strong coupling and, as it was demonstrated in [3l[ , it 
is necessary to ensure energy-momentum conservation. As discussed in the Introduction, the basic difference between 
the model proposed in [33j j and the other ones in the literature is the nature of the projectile, which is assumed to be 
a color dipole in (33[, instead of a virtual photon as in [3l|. This difference should be unimportant at a fundamental 
level, since the property of unitarization refers to the mechanism of inelastic scattering. It implies that, probably, the 
different energy dependence of the saturation scale should be associated to some subtle mathematical manipulation 
which were not fully under control. Finally, if the behavior Q 2 S ~ 1/x is the correct one, it can be expected that 
the resulting AdS / CFT predictions will be closer to the perturbative BK predictions in the kinematical range of the 
future colliders. Therefore, in order to discriminate between the different formalisms, it will be necessary to search 
other less inclusive observables, as for example, exclusive vector meson photoproduction. 
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